The paper presents an experimental device that was created in order to obtain the real values of the forces acting in the vertical direction on the lock-off element, the so-called brake body, the 2nd design option. The lock of this design is used in the automated parking garage, designed by KOMA -Industry, s.r.o, to lock the parked vehicles on pallets in the units of the rack parking system. The forces acting in the vertical direction on the body of the fixation lock when pushing the brake pulley into the circular recess in the brake ramp are theoretically calculated for two design variants of the brake ramp used in practice, i.e. "without" and "with" a rounded (filleted) circular recess segment in the brake ramp. The experimentally determined forces acting in the vertical direction on the brake body were determined for two types of compression coil springs with a rectangular cross section of the spring wire.
INTRODUCTION
The forces exerted while pushing the pulley of the brake of the pallet lock-off system (2nd design option; see Figure 1 ,2, and 4 [4] ) into the circular recess of the brake ramp, were experimentally obtained on a device designed for testing parking brakes (see Figure 1 ), the parts and design of which (1st design option of the brake pulley; see Figure 2 ), were described in detail in [1] .
For the 1st design option of brake (see Figure 2 ), the limit switch 46 is attached, Figure 5a , model ME-8108 [3] , to the pallet brake body 28 by two pairs of screws 47 (M4×25 mm) and 48 (M4×12 mm). The Brake ramp 24 is fastened to the rectangular profile of the frame structure by a screw 50 (M12×65 mm). Tension bars 49 (diameter 10 mm, length 70 mm) of the limit switch 46 are screwed into two holes with M8 thread on the side surface of the brake 24.
Brake ramp 24 (original design see [2] Figure 2 ) has been structurally modified for the purpose of measurements, see Figure 3 , due to the bending of the threaded rod 11 that connects the charge 34 motion screw 35 with holder 32 brake bodies 28 (see [1] Figure 1 ). The bending of the threaded rod 11 is caused by the forces generated when rolling the brake pulley over the inclined surface of the brake ramp 24, i.e. when moving the brake body 28 from vertical profiles 2.1 and 2.2 steel element of a device for testing parking brakes. The brake ramp 24 is supported by a spacer 51 with a thickness of 3 mm, see Figures 2 and 4 , which creates the required design distance between the brake pulley circumference and the rectangular profile 1.2 frame construction.
Limit switch 52, Figure 5b , model ME-8112 [9], see Figure 4 , is in the 2nd design option of the brake of the pallet locking system fastened to the brake body 28 by two pairs of screws 47 Vertical Forces Acting on the Lock-Off Element of the Pallet Brake System and 48. The holder 54 of the tension bars 55 is fastened to the side of the front of the brake 24 with two screws 53. The experimental measurement of forces while pushing the pulley of the 2nd design option (see Figure 4 ) of the brakes of the pallet lock-off system from the circular recess in the brake ramp was performed with three types of compression cylindrical coil springs V16-102 [5, 8], R16-102 [6, 8] (see also Figure 7 [4] ) and G16-102 [7, 8] .
The upper edges of the circular recess of the brake ramp can be created without a fillet, see Figure 6 or with a fillet (radius r = 1 mm), see 
GENERATED FORCES ON THE BRAKE BODY IN VERTICAL DIRECTION
The compression forces in the spring are proportional to the vertical distance of the tangent to the lower surface of the outer circumference of the pulley from the upper surface of the profile 1.2, see Figure 1 . When the brake pulley is outside the brake ramp, the lower surface of the pulley is located vertically from the upper surface of the profile 1.2 by h 0 = 8 mm. If the brake pulley is in contact with the upper surface of the brake, the lower surface of the pulley is located vertically from the upper surface . Brake ramp without filleting of edges of the circular recess in the brake ramp of the profile 1.2 by h 1 = t dp + h nb -h 0 = 20 mm (acc Figure 3, t dp = 3 mm -spacer plate thickness 51, h nb = 25 mm -height of the adjusted brake ramp 24).
Before the experimental measurements were carried out, the brake pulley was brought to its initial position. The default position is the horizontal distance x v1 = 28.5 mm for the filleted brake ramp (see Figure 6 ), i.e. the vertical axis of the brake pulley extends through the edge of the circular recess of the brake ramp.
The starting position of the filleted brake ramp is the horizontal distance x v2 = 27.5 mm (see Figure 7 ), i.e. the vertical axis of the brake pulley is away from the vertical axis of the rounded edge of the circular recess by the value (1 -x 1 = 1 -0.91 =) 0.09 mm.
Vertical displacement y [m], see Figure 6 , the tangents to the lower outer peripheral surface of the pulley with respect to the upper surface of the brake ramp can be expressed according to the relationship (3). The relationships (1) to (3) are determined according to Figure 6 .
The compressive forces exerted by springs (V16-102, R16-102 or G16-102); when pushing the brake pulley in and out of the filleted circular recess of the brake ramp in the pallet lock-off system, are listed in Table 1 . Figure 7 , the tangents to the lower outer peripheral surface of the pulley with respect to the upper surface of the brake ramp can be expressed according to the relationship (9). The relationships (4) to (9) are determined according to Figure 7 , provided that x 1 = 0.91 mm. 
Vertical displacement y [m], see
The compressive forces exerted by springs (V16-102, R16-102 or G16-102); while the brake pulley is moving through the filleted circular recess of the brake ramp of the pallet lock-off system; are listed in Table 2 .
The theoretical determined compressive forces in the springs when pushing the brake pulley out of the circular recess in the brake ramp, when the edges of the recess are and are not filleted (see Table 2 ) is shown in Figure 8 .
In this paper [1] the design of the device for testing parking brakes which utilized the brake of Forces acting on the 2nd design option of the pallet lock-off system brake In a real parking garage, the rotating part of the brake does not move right up to the holder of the brake (height h d = 8 mm.).
This way of attaching the brake body is not suitable, as in the moment when the brake pulley is located in the circular recess of the brake ramp, the pallet is allowed to move horizontally in the range h h = 5.5 mm. At the same time, at the actual construction height of the brake h nb = 36 mm, when the brake pulley is pushed out of the circular recess in the brake ramp, spring y is compressed d p = h nb -h to -h d = 13 mm. The parking garage is equipped with compression cylindrical coil springs type R16-102 k p = 19.3 N / mm.
According to [1, 2] and relationship (13), the maximum value of instantaneous force F acting in a horizontal plane F x [N]can be calculated, which gives the initial displacement of the brake pulley from the circular recess of the brake ramp. Table 3 presents the theoretically calculated values of the compressive forces exerted by the V16-102, R16-102 and G16-102 springs when pushing the brake pulley into the filleted circular recess of the brake ramp of the pallet lock-off system, when the tangent from the horizontal plane to the outer surface of the pulley measures h H = 8 mm to the bottom surface of the structurally modified brake ramp. The testing equipment (see Figure 10 ) is provided with a structurally modified brake ramp with h n = 25 mm (see Figure 3 ) and the maximum depth of the circular recess in the brake ramp y p = 18.5 mm. Table 3 shows the actual spring compression y sk [mm] expressed according to the relationship (14).
In this paper, [1] (see Table 4 ) provides the procedure for the experimental measurements that were performed to obtain the resistance value F cs [N] (= 20.52 N) to prevent the roller part of the pulley holder from sliding into the pulley body when the compression coil spring is not in the pallet brake body. Table 4 gives the values of the theoretically calculated actual compressive forces in springs Fm V16 -F cs [N], Fm R16 -F cs [N] and Fm G16 -F cs [N].
EXPERIMENTALLY DETERMINED FORCES OF THE 2ND DESIGN BRAKE OPTION
The values of the compressive forces exerted by the V16-102 springs on the experimental device (see Figure 12 ) when pushing the brake pulley of the pallet lock-off system into the filleted circular recess of the brake ramp (see Table 5 to Table 6 ) and R16-102 (see Table 8 to Table 10) .
A graphical representation of the compressive forces obtained by measurement (see Table 5 to Table 6 ), in the V16-102 spring as the brake pulley of the pallet lock-off system is gradually pushed into the filleted circular recess of the brake ramp is shown in Figure 11 .
In Figure 11 , the green curve shows (according to Table 7) the measured values of the applied forces in the vertical direction on the body of the 2nd brake design option and the red curve gives the values of the theoretically calculated compression forces in the spring Fm V16 -F cs [N] (according to Table 4 ).
The graphic representation of compressive forces obtained by the measurement (see Table 8 to Table 10 ) in the R16-102 spring as the brake pulley of the pallet arresting system is pressed into the filleted circular recess of the brake ramp is shown in Figure 11 .
In Figure 11 , the green curve shows (according to Table 10) the measured values of the forces applied in the vertical direction on the body of the 2nd brake design option and the red curve gives the values of the theoretically calculated compression forces in the spring Fm V16 -F cs [N] (according to Table 4 ). The graphs, created by means of the DEW-ESoft X2 SP5 software installed on a PC, show the acting force in the direction of vertical axis depending on the horizontal displacement L [mm] of the pallet brake. The projection information was stored in the form of data files on the PC disk, see Figure 12 .
Due to the limited scope of the paper, only the values of the experimentally obtained forces acting in the vertical direction on the body of the 2nd design option of the brake (into which springs V16-102 and R16-102 were inserted) while pushing the brake pulley into the filleted circular recess are given above (see Figure 7) . Figure 13 presents the device implemented for testing the parking lock-off brake of the 2nd design option. 
CONCLUSION
Both options of the installed lock-off brakes, so-called pallet parking brakes, in the automated parking garage, see Figure 2 and Figure 4 , exhibit a substantial design deficiency, which substantially affects the amount of the vertical compression force to be exerted by the compression coil spring when inserting into / withdrawing from the cylindrical segment of the pulley holder of the brake body. The design deficiency is that in the recess of the brake body there is: (i) overpressure when pushing the cylindrical part of the brake carrier into the opening of the brake body (when rolling the pulley over the slope part of the brake), (ii) underpressure when forcing the partially compressed compression spring out of the cylindrical recess part of the brake holder from the brake body (during insertion of the brake pulley into the circular recess in the brake ramp).
The overpressure / underpressure is generated by the fact that the contact surface between the outer cylindrical surface of the brake holder and the inner surface of the spacer ring ( pressed Fig. 13 . A device for testing parking brakes using the 2nd design option of the parking lock-off brake into the recess in the brake body) is lubricated with grease in order to prevent the shear friction, which prevents the air from coming in and out of the brake body. It is recommended that a hole be created in the body of both brake options to expel the air creating the pressure / underpressure from the area of the hole in the brake body.
The pallets are pushed into the rack cells by two chain conveyor carriers. Each of the carriers is attached to two roller chains which are connected in a closed loop. The axial distance and pitch of the sprockets allow the outer surfaces of the carriers to pass over the exactly given radius when the carriers pass from the upper to the lower branch of the chain conveyor. The rotating part (pulley) of the lock-off brake in the parking garage does not reach the brake holder of the brake ramp but is at 15 mm distance from the brake ramp holder. This distance allows the pallet on which the parked vehicle is placed to move horizontally by 5.5 mm in the direction of the pallet insertion into the rack cell.
The function of the carriers is to capture the pallet and push / pull it out of the rack cell. The pallet capturing is done by the carriers which must be inserted into the inner parts of the locks (C-shaped) located on the underside of the pallet. The carrier attached to the transition links of the chain, from the lower to the upper branch of the chain conveyor, may not be successful if the pallet is in an inappropriate position, the carriers may not slide into the locks (C-shaped) of the pallet. One of the unsuitable positions of the pallet preventing its attachment, is its high insertion position (allowing the pallet to shift by 5.5 mm) in the rack cell.
In order to limit this undesired state when the carriers are not able to lock-off the pallet, sensors are mounted on the brake bodies of both structure options indicating, whether the pallet is in the desired position.
